Promoting long-term adherence to lifestyle modification and choice of antidiabetic agent with low hypoglycemia risk profile and positive weight profile could be the most effective strategy in achieving sustained glycemic control and in reducing comorbidities. From this perspective, vast interest has been generated by glucagon-like peptide-1 (GLP-1) receptor agonists and dipeptidyl peptidase-4 inhibitors (DPP-4i). In this review our ten-year clinical and laboratory experience by in vitro and in vivo studies is reported. Herein, we reviewed available data on the efficacy and safety profile of GLP-1 receptor agonists and DPP-4i. The introduction of incretin hormone-based therapies represents a novel therapeutic strategy, because these drugs not only improve glycemia with minimal risk of hypoglycemia but also have other extraglycemic beneficial effects. In clinical studies, both GLP-1 receptor agonists and DPP-4i, improve β cell function indexes. All these agents showed trophic effects on beta-cell mass in animal studies. The use of these drugs is associated with positive or neucral effect on body weight and improvements in blood pressure, diabetic dyslipidemia, hepatic steazosis markets, and myocardial function. These effects have the potential to reduce the burden of cardiovascular disease, which is a major cause of mortality in patients with diabetes.
Introduction
The global prevalence of type 2 diabetic (T2DM) patients estimated at 6.4% is expected to be close to 8% by 2030 [1] . The overall total predicted increase is thought to be due largely to rising rates of overweight, obesity, physical inactivity, and population aging [2] . Improving glycaemic control remains the most effective therapeutic approach to reduce the risk of development and/or progression of microvascular complications. Furthermore, a recent meta-analysis of long-term, prospective randomized controlled clinical trials (UKPDS, PROactive, ADVANCE, VADT, and ACCORD) revealed a significant association between intensive blood glucose control and incident cardiovascular events: a 0.9% HbA1c decrease was related to a reduction of 17% in nonfatal MI (odds ratio (OR): 0.83, 95% confidence interval (CI): 0.75-0.93) and 15% in coronary heart disease (OR: 0.85, 95% CI: 0.77-0.93) versus conventional therapy [3] . In a metaregression analysis, higher body mass index (BMI), duration of diabetes, and incidence of severe hypoglycaemia were associated with greater risk of cardiovascular death in intensive treatment groups [4] . Altogether, these results underline the importance of achieving and maintaining good glycemic control, from the time of diagnosis, predominantly through a tailored approach. Promoting long-term adherence to lifestyle modification and choice of antidiabetic agent with low hypoglycemia risk profile and positive weight profile could be the most effective strategy in achieving sustained glycemic control and in reducing comorbidities. From this perspective, vast interest has been generated by glucagon-like peptide-1 (GLP-1) receptor agonists and dipeptidyl peptidase-4 inhibitors (DPP-4i) based on many clinical studies revealing long-term glucose-lowering efficacy related to low hypoglycemic rates, positive/neutral weight effects, and amelioration of β cell function [5] [6] [7] .
Experimental Diabetes Research
reported that GLP-1 levels after an oral glucose load are reduced in patients with T2DM [8] even if more recent data suggest a controversial point of view [9] . The reduction of oral glucose-stimulated active GLP-1 levels in T2DM patients has also been observed during euglycaemic hyperinsulinemic clamp. This impairment, which is not the result of differences in glycaemia or insulinaemia during assessment, could contribute to the pathogenesis of hyperglycaemia in T2DM [8] and in particular to the reduction of early postprandial insulin secretion; in fact, the administration of GLP-1 receptor antagonists to healthy volunteers elicits both an impairment of meal-induced insulin secretion and an increase of postprandial glycaemia similar to that observed in T2DM. GLP-1 is rapidly inactivated by dipeptidyl peptidase-4 (DPP-4), an enzyme produced by endothelial cells in different districts and that circulates in plasma. The reduction of meal or oral-glucose-stimulated GLP-1 levels in T2DM patients is probably due to both an impairment of secretion and an increased degradation. The major limitation of using native GLP-1 to treat diabetic patients is the short halflife. There are now several compounds in various stages of preclinical or clinical development for the treatment of T2DM that utilize the GLP-1 signaling pathway; these include GLP-1 receptor agonists with extended half-lives and DPP-4i that increase circulating levels of endogenous, intact, and bioactive GLP-1 [10] .
Metformin, first drug of choice in the treatment of T2DM, induced a significant increase of GLP-1(7-36) amide/ (7-37) at 30 and 60 min after the oral glucose load in obese nondiabetic subjects. In pooled human plasma, metformin (0.1-0.5 microg/mL) significantly inhibited degradation of GLP-1(7-36) amide after a 30 min incubation at 37
• C; similar results were obtained in a buffer solution containing DPP-4. This effect could be due to an inhibition of GLP-1 degradation [11] . This effect was also present in obese drug-naïve T2DM patients. In fact 4 weeks after treatment with metformin 850 mg three times daily, post-load GLP-1 levels was significantly increased [12] . Furthermore the relationship between meal-induced GLP-1 secretion and postprandial hyperglycemia was studied in 21 drug-naïve T2DM patients. Blood glucose and active GLP-1 levels were measured 0, 30, 60, 90, and 120 min after a standard meal test, and a continuous glucose monitoring (CGM) system was applied for the following 3 days. A significant inverse correlation between GLP-1 response and postprandial glucose levels was observed for each additional unit of total energy or carbohydrate intake. A lower GLP-1 response is associated with higher levels of HbA1c and with a greater degree of meal-induced hyperglycemia, both during a meal test and "real-life" condition [13] .
GLP-1 and DPP-4 activity levels have been subsequently studied during an oral glucose tolerance test (OGTT), in order to investigate their modification in patients with different glucose tolerance degree. At 30 min GLP-1 levelswere significantly lower in subjects with impaired glucose tolerance and T2DM compared to those with normal glucose tolerance. The area under the curve of GLP-1 levels during OGTT was significantly different among the three groups with a significant decrease between subjects with normal and impaired glucose tolerance and between those with normal glucose tolerance and type 2 diabetes mellitus. DPP-4 showed no significant difference between the groups. Therefore, an increase of GLP-1 degradation seems to be not involved in the early stages of diabetes [14] . However, chronic hyperglycaemia was significantly associated to an increased DPP-4 activity and mRNA expression in human glomerular endothelial cells in vitro [15] . In order to assess effects of chronic hyperglycaemia on circulating DPP-IV activity in vivo, we have analyzed diabetic patients not adequately controlled. T2DM subjects with HbA1c levels >8.5% showed significantly higher DPP-4 activity than patients affected by newly diagnosed diabetes and Impaired Glucose Tolerance (IGT). Variations in DPP-4 activity over 3 months in T2DM showed a significant positive correlation with HbA1C levels. Therefore, chronic hyperglycaemia induced a significant increase in DPP-4 activity in type 2 diabetic patients with poor metabolic control, probably contributing to the reduction in circulating active GLP-1 and subsequently to postprandial hyperglycaemia [16] . Moreover, the effects of insulin sensitizers drugs, such as Metformin and Rosiglitazone, on the modulation of GLP-1 circulating levels, DPP-4 activity, and mRNA expression was evaluated in human aortic endothelial cells (HAECs) and human microvascular dermal endothelial cells (HMVECs) exposed to high glucose concentration. Hyperglycemia is associated to a significant DPP-4 activity increase only in microvascular endothelial cells. Rosiglitazone is able to modulate in a negative manner the expression of DPP-4 but not its activity in macrovascular endothelial cells, while at 24 h of exposure it is able to increase significantly DPP-4 activity but not its expression in microvascular endothelial cells. Metformin at 48 h in microvascular endothelial cells is able to reduce in a significant manner the activity of DPP-4 but not its expression [17] . Therefore, the modulation of DPP-4 seems to be site specific.
Rationale and Extraglycaemic Effects of Incretin Therapy
GLP-1 receptor agonists that resist degradation by DPP-4 and have protracted-action kinetics have been developed, and DPP-4i that slow the enzymatic cleavage of native GLP-1 provide alternative approaches to enhancing incretinmediated glucose control. However, GLP-1 receptor agonists and DPP-4i are premised on highly divergent mechanisms of action. DPP-4 is ubiquitously expressed in many tissues and is involved in a wide range of processes in addition to its influence on incretin hormone biological effects. GLP-1 receptor agonists provide pharmacologic levels of GLP-1 receptor stimulation, whereas DPP-4i appear to increase circulating levels of GLP-1 to within the physiologic range [18] .
GLP-1 receptors are additionally expressed in extrapancreatic tissue, having potential for the treatment of obesity and for beneficial cardio-and endothelioprotective effects. Because diabetic patients are prone to cardiovascular disease, T2DM treatment strategies should address the cardiovascular risk profile, including blood pressure, lipids, Experimental Diabetes Research 3 and body weight profile, in addition to intensive glycaemic control.
Incretin-based therapies, both GLP-1 receptor agonists and DPP-4i, unlike many other antidiabetic therapies (such as sulphonylureas and insulin in particular), they do not induce weight gain. Moreover therapy with GLP-1 receptor agonists results in progressive and sustained significant weight loss in most patients [19, 20] . These agents exert physiological effect similar to those of native GLP-1, including enhancement of glucose-dependent insulin secretion and suppression of inappropriately high glucagon secretion. Furthermore, they also slow gastric emptying and reduce food intake. DPP-4i have similar actions to that of GLP-1 receptor agonists; they also enhance glucose-dependent insulin secretion and suppress glucagon, but they do not delay gastric emptying or reduce food intake. In controlled clinical trials the effect of DPP4i on weight was neutral [21] .
In a recent large retrospective study exenatide twice daily was compared with other glucose-lowering agents in terms of their impact on cardiovascular events incidence. Despite the higher prevalence of coronary artery disease (CAD), obesity, hyperlipidemia, hypertension, and/or other comorbidities at baseline, exenatide-treated patients were less likely to have a CVD event than non-exenatide-treated ones (HR: 0.81, 95% CI: 0.68-0.95; P = .01). Furthermore, exenatidetreated patients demonstrated lower rates of CVD-related hospitalization (HR: 0.88, 95% CI: 0.79-0.98; P = .02) and all-cause hospitalization (HR: 0.94, 95% CI: 0.91-0.97; P < .001) than those not having received exenatide [22] .
Emerging data suggest a cardioprotective effect of DPP4i in humans. These drugs reduce HbA1c, although to a lesser extent than sulphonylureas, with no weight gain and low hypoglycaemic risk. [23] . In particular, sitagliptin administration at a single dose of 100 mg in patients with CAD and preserved left ventricular (LV) function enhanced LV response to stress, attenuated postischaemic stunning, and improved global and regional LV performance compared to placebo [24] . Encouraging results have also been published from a phase III randomized placebo-controlled trial regarding the granulocyte-colony stimulating factor-(G-CSF) based stem cell mobilization in combination with sitagliptin in patients after acute MI. During the first 6 weeks of followup, sitagliptin along with G-CSF seems to be safe and effective for myocardial regeneration representing a new therapeutic option in the future [25] .
There are also data regarding the impact of GLP-1 receptor agonists and DPP-4i on endothelial function and cardiovascular diseases biomarkers. In particular, an additional effect of liraglutide on inflammatory process has been reported, since it was related to a significant reduction of high-sensitivity C-reactive protein (hsCRP) circulating levels in T2DM patients through a dose-dependent pathway [26] . Similar inhibitory effects on vascular cell adhesion molecule-1 (VCAM-1) and hsCRP have been reported for exenatide [27, 28] . Protective effects on endothelial function have been also described for sitagliptin, mainly through induction of NOS activity, and to greater extent in comparison to pioglitazone [29] .
Substantial evidence demonstrates that both GLP-1 receptor agonists and DPP-4i produce modest reductions in systolic blood pressure and, in some cases, diastolic blood pressure. The effect of the incretin hormones on serum lipids are either neutral or beneficial, with small, nonsignificant decreases in low-density lipoprotein cholesterol, increases in high-density lipoprotein cholesterol, and occasionally significant decreases in fasting triglyceride levels. Furthermore, GLP-1 receptor agonists showed positive effects on hepatic steatosis [30, 31] .
T2DM is a progressive chronic disease characterized by insulin resistance and impaired beta-cell function. Treatments that prevent further beta-cell decline are therefore essential for the management of type 2 diabetes. In vitro and animal studies showed that GLP-1 promotes β-cell neogenesis and preservation and inhibits β-cell apoptosis [32] . Various human studies confirmed GLP-1 receptor agonists and DPP-4i effects in β-cell function improvement [33] [34] [35] but there is no evidence supporting β-cell proliferation and/or antiapoptosis effect in human yet. Efficacy and safety data for exenatide were derived from three phase III Diabetes Management for Improving Glucose Outcomes (AMIGO) trials in patients with T2DM who were inadequately controlled with either a sulfonylurea, metformin, or a sulfonylurea plus metformin [36] [37] [38] .
In each of these trials, twice daily exenatide was shown to reduce HbA1c significantly, by approximately 0.9% from baseline over the 30-week trial period compared with placebo. A pooled analysis of trial data plus two 52-week extension studies, which were completed by 314 of 1446 patients in an intention-to-treat group from the 30-week randomized trials, found that the reduction in HbA1c was sustained over 2 years [39] .
In T2DM patients not adequately controlled with metformin, exenatide showed noninferiority effects on HbA1c in comparison to basal insulin glargine add-on therapy, but a better beta-cell function improvement and weight profile (difference −4.6 kg, P < .0001) [40] .
In two open-label trials, exenatide was compared with insulin treatment in patients inadequately controlled by metformin plus sulphonylurea. In the first study, 551 patients were randomized to receive glargine once daily or exenatide twice daily. After 26 weeks, HbA1c fell by 1.1% points in both groups (baseline: 8.2%). Exenatide reduced postprandial glucose excursions more than insulin glargine, while insulin glargine had a more pronounced effect on fasting plasma glucose. Body weight increased, as expected, by 1.8 kg with glargine while a 2.3 kg weight loss was obtained with exenatide. Nocturnal hypoglycaemia was less frequent with exenatide [41] . Barnett et al. confirmed these differences in T2DM not adequately controlled with metformin or sulphonylurea [42] . In the second 52-week trial, exenatide was compared with twice daily biphasic insulin aspart. Exenatide treatment resulted in HbA1c reduction similar to biphasic insulin aspart and provided better postprandial glycaemic control and weight profile (−2.5 kg versus +2.9 kg) [43] .
A recent meta-analysis of placebo-controlled clinical trials assessing efficacy of incretin-based medications in T2DM patients showed that liraglutide both at 1.2 and 1.8 mg is associated with greater reductions in HbA1c in comparison to exenatide (weighted mean differences, WMD = −0. 75 [44] . In T2DM not adequately controlled with metformin, exenatide and sulphonylurea are associated to similar improvement in HbA1c levels, fasting and post prandial glycemia. However exenatide add-on therapy induced weight loss, improvement of insulin resistance indexes, and high-sensitivity Creactive protein (Hs-CRP) reduction versus glibenclamide [45] .
Liraglutide's efficacy and safety in combination with other hypoglycemic treatment has been extensively investigated in the phase III Liraglutide Effect and Action in Diabetes (LEAD) clinical development programme. Trials duration ranged from 26 to 52 weeks, and several trials have ongoing extension phases. In T2DM patients not adequately controlled with sulphonylurea, liraglutide addon therapy resulted, in comparison to rosiglitazone, in significantly greater HbA1c reduction (treatment differences for liraglutide 1.8 mg −0.7% (95% CI 1.6; 1.1) in comparison to rosiglitazone, and −0.6% (95% CI 1.5; 1.1) for liraglutide 1.2 mg), and in a significantly better weight profile [46] . Liraglutide in addition to metformin showed a noninferior glycemic amelioration in comparison to sulphonylurea, associated to a relatively low rate of reported minor hypoglycemia (0.03-0.14 events/year) significantly less than for the glimepiride group (1.23 events/year; P = .001) [47] . In T2DM patients not adequately controlled with metformin and sulphonylurea, liraglutide addition was significantly associated to greater reduction in HbA1c in comparison to insulin glargine (treatment differences for liraglutide versus insulin glargine −0.24%, 95% CI −0. 39 [48] .
LEAD-6 study (26 week) confirmed, during liraglutide (1.8 mg) add-on therapy, a significantly greater reduction of HbA1c and fasting glycemia, less effective postprandial glucose control, and similar weight effects (liraglutide −3.24 kg versus exenatide −2.87 kg) in comparison to exenatide (10 μg) [49] .
Currently, concomitant use of GLP-1 receptor agonist and insulin is not recommended by the manufacturer. Potential concerns with combination therapy include additive hypoglycemia, reduced patient adherence to another subcutaneously administered medication, and an estimated $200-300 additional monthly cost for the patient. In a retrospective analysis evaluating the effectiveness of exenatide and insulin combination (N = 76) for 1 year, statistically significant reductions in HbA1c (mean 0.87% reduction) and weight change (mean 5.2 kg reduction) were observed. As reported in the other clinical trials, there were significant reductions especially in bolus insulin dose, with 45% of patients discontinuing short-acting insulin and a 35% reduction in the mean daily dose of short-acting insulin [50] . These compounds were safe; in fact the most common side effects are nausea, vomiting and diarrhea reported especially at the beginning of the therapy; side effects as pancreatitis and QT prolongation during exenatide treatment are rare [18] .
Dpp-4
Inhibitors. DPP-4i, also called incretin enhancers, may be used as monotherapy or in combination with other antidiabetic compounds. Sitagliptin, vildagliptin, and saxagliptin are already available in many countries, either as single agents or in fixed-dose combined formulations with metformin. Other DPP-4i, such as alogliptin and linagliptin, are currently in late phase of development.
All together gliptins have a good oral bioavailability which is not significantly influenced by food intake. Pharmacokinetic/dynamic characteristics, as sufficiently prolonged half-life and sustained DPP-4 enzyme inactivation, generally allow one single oral administration per day for the management of T2DM; the only exception is vildagliptin for which a twice daily administration is recommended because of a shorter half-life. DPP-4i are in general not substrates for cytochrome P450 (except saxagliptin that is metabolized via CYP 3A4/A5) and do not act as inducers or inhibitors of this system [51, 52] . Several metabolites have been documented but most of them are inactive; however, the main metabolite of saxagliptin also exerts a significant DPP-4 inhibition and is half as potent as the parent compound. Renal excretion is the most important elimination pathway, Experimental Diabetes Research 5 except for linagliptin whose excretion in the liver appears to be predominant. PK properties of gliptins, combined with their good safety profile, explain why no dose adjustment is necessary in elderly patients or in patients with mild to moderate hepatic impairment. As far as patients with renal impairment are concerned, significant increases in drug exposure for sitagliptin and saxagliptin have been reported so that appropriate reductions in daily dosages are recommended according to estimated glomerular filtration rate. The PK characteristics of DPP-4i suggest that these compounds are not exposed to a high risk of drug-drug interactions [53] . However, the daily dose of saxagliptin should be reduced when coadministered with potent CYP 3A4 inhibitors. The DPP-4i improve glycaemic control, reducing both fasting and postprandial glucose levels to lower HbA1c levels, without weight gain and with an apparently good adverse event profile. At present, there seems to be little to distinguish between the different inhibitors in terms of their efficacy as antidiabetic agents and their safety. In particular, vildagliptin monotherapy resulted in improved glycemic control in drug-naïve patients with type 2 diabetes [54] . Although the hypothesis of noninferiority to gliclazide was not borne out statistically, the reductions in HbA1c were similar over a two-year period and vildagliptin had significant benefits in terms of less weight gain and less hypoglycemia. Vildagliptin improves islet function in T2DM under fasting conditions [55] . This suggests that DPP-4 inhibition has metabolic benefits in addition to enhancing meal-induced GLP-1 and GIP activity. The weight neutrality of vildagliptin likely results in part from its intrinsically low risk for hypoglycemia [56] . Recent studies point to additional potential mechanisms. One study found that drug-naïve patients randomized to vildagliptin exhibited significantly lower chylomicron lipid and apolipoprotein levels than placebo patients, suggesting that vildagliptin may inhibit intestinal fat extraction. A meta-analysis indicates that vildagliptin was not associated with increased risk of hepatic events or hepatic enzyme elevations indicative of drug-induced liver injury, pancreatitis, infections, or skinrelated toxicity [57] . The safety of vildagliptin in renal transplant patients has been recently assessed [58, 59] .
Sitagliptin monotherapy improved glycemic control compared to placebo and was generally well tolerated in patients with type 2 diabetes. The glycemic response to treatment with sitagliptin 100 mg/day was similar between 100-mg once daily and 50-mg twice daily dose regimens [60] . Recent trials have shown that the combinations offer additive efficacy in reducing blood glucose when given as initial antidiabetic therapy and as add-on therapy when pioglitazone alone fails to maintain glycemic control. The combination of sitagliptin and pioglitazone was well tolerated and would appear to be suited to a fixed-dose singletablet combination for once daily administration [61] .
Preclinical and clinical trial data with sitagliptin to date do not indicate an increased risk of pancreatitis [62] .
Saxagliptin, 5 mg once daily, has been shown to be effective in patients with type 2 diabetes treated with diet alone, metformin, sulfonylurea, or glitazone, with a favourable tolerance profile. Reduction in HbA1c levels averaged 0.6−0.8%, without increasing the risk of hypoglycaemia or promoting weight gain [63] . In clinical trials, saxagliptin as monotherapy or in combination with metformin, a sulphonylurea (glyburide), or thiazolidinedione (pioglitazone or rosiglitazone) significantly improved glycemic control without increasing hypoglycaemic events and weight versus comparator [64] [65] [66] [67] [68] . Furthermore, recent clinical data supported the efficacy and favorable tolerability profile of a reduced daily dose of saxagliptin (2.5 mg) in T2DM patients with a significant renal impairment [69] . In conclusion, DPP4i have emerged as alternatives to sulfonylureas, commonly used as add-on to metformin in treatment of T2DM. They showed similar efficacy to sulfonylureas but with lower risk of hypoglycemia and reduction or no change in body weight, and if confirmed in humans, they may preserve islet function thereby minimizing the risk for secondary failure. Their limitation at present is the lack of long-term experience on durability and safety [21] .
Future Perspective
Few head-to-head clinical trials comparing different incretin-based drugs as add-on treatment are performed. Scheen et al. showed similar efficacy on glycaemia and tolerability between saxagliptin and sitagliptin added to metformin in T2DM patients inadequately controlled [70] . Liraglutide provided significant better improvement in glycemic control, especially in fasting condition, in comparison to exenatide twice daily [49] . Exenatide once weekly was associated with significant greater HbA1c reduction (−1.5%, 95% CI −1.7 to −1.4 versus −0.9%, −1.1 to −0.7) and weight loss (−2.3 kg, 95% CI −2.9 to −1.7 versus −1.5 kg, 95% CI −2.4 to −0.7) in comparison to sitagliptin as add-on treatment to metformin [71] .
The profile of action of GLP-1 receptor agonists and DPP-4 inhibitors suggests the possibility of an actual reduction in cardiovascular risk, which needs to be confirmed by large long-term clinical trials, and beta cell protection, to date only proven in animal models [72] . The use of incretins is suggested very early in the type 2 diabetic history, but some studies suggest a potential use of them also in obese patients and in prediabetic patients [73, 74] . Moreover, recently liraglutide efficacy was evaluated in the management of obese patients. This treatment was well tolerated during 20 weeks and associated to a significant higher weight loss in comparison to placebo and orlistat [73] .
At present, GLP-1 receptor agonists need to be administered by subcutaneous injection once or twice daily. Several once weekly GLP-1 receptor agonists are in phase 3 clinical trial development as exenatide once weekly, taspoglutide, albiglutide, LY2189265, and CJC-1134-PC. A greater reduction in HbA1c and fasting plasma glucose was found with the once weekly GLP-1 receptor agonists compared with exenatide BID, while the effect on postprandial hyperglycemia was modest. The reduction in HbA1c was in most studies greater compared to oral antidiabetic drugs and insulin glargine. The reduction in weight did not differ between the short-and long-acting agonists. The gastrointestinal side 6 Experimental Diabetes Research effects were less with the once weekly agonists compared with exenatide BID, except for taspoglutide. Antibodies seem to be most frequent with exenatide once weekly, while hypersensitivity has been described in few patients treated with taspoglutide. The development of taspoglutide has been stopped because of safety problems. Injection site reactions differ among the long-acting GLP-1 receptor agonists and are observed more frequently than with exenatide BID and liraglutide. The once weekly GLP-1 receptor agonists are promising candidates for the treatment of type 2 diabetes although their efficacy may not be superior to once daily analogue liraglutide [75] .
Hyperglycemia plays a major role in the development of the microvascular and macrovascular complications of diabetes. With the exception of metformin, traditional agents used for the treatment of type 2 diabetes are able to improve glycemia, but their use is often limited by treatmentassociated side effects, including hypoglycemia, weight gain, and edema and they do not have any positive effect on beta-cell mass or function. The introduction of incretin hormone-based therapies represents a novel therapeutic strategy, because these drugs not only improve glycemia with minimal risk of hypoglycemia but also have other extraglycemic beneficial effects. In clinical studies, both exenatide and liraglutide, such as sitagliptin, vildagliptin, and saxagliptin, improve β cell function and glycemia with minimal hypoglycemia. All these agents have trophic effects on beta-cell mass in animal studies. The use of these agents is also associated with reduced or neutral effect on body weight and improvements in blood pressure, diabetic dyslipidemia, hepatic steatosis markers, and myocardial function. These effects have the potential to reduce the burden of cardiovascular disease, which is a major cause of mortality in patients with diabetes.
